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Both the abrasive segments (30) and the matrix 
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segments (30) further include a melt phase metal 
composition, such as bronze or other copper 
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SBGMRNTRD SUPERABRASIVE GRINDING DEVICE 

BACKGROUND OF THE INVENTION 
The present invention relates to grinding devices, such as grinding discs and 
5 wheels. More particularly, the present invention relates to grinding devices, such as 

grinding discs and wheels, wherein the grinding device is adapted to perform "dry 
machining" operations. 

In the machining of substantially planar workpieces, such as brake rotors, 
power steering pump rings and rotors, valve plates, coil spring ends, and the like, it is 

1 0 known to pass the workpiece along the radial "face" surface of a surface grinding 

disc. For example, U.S. Patent No. 6,419,564 to Herrman, et al., teaches a surface 
grinding machine and a surface grinding disc used therewith to machine substantially 
flat workpieces. In particular, Herrman '564 teaches a segmented grinding disc 
constructed from a circular base to which a plurality of abrasive pieces are secured in 

15 a predefined array. The abrasive pieces are arranged so as to define spaces 

therebetween for the purpose of allowing cooling fluids to flow over, around, in 
between and away from the abrasive pieces, thereby flushing swarf from the abrasive 
pieces and facilitating heat dissipation. According to one aspect of the present 
invention, it is desirable to provide a grinding device, such as, for example, a surface 

20 grinding disc or an annular grinding wheel, whefein the device includes a plurality of 

abrasive segments arranged in an array thereon (or therearound, as the case may be). 

Herrman '562 also teaches that the abrasive pieces may include diamond or 
superabrasive particles, such as cubic boron nitride ("cBN") dispersed therein for 
reasons which are obvious to those of ordinary skill in the art However, it is 

25 customary for machining operations being performed with such a superabrasive 

grinding device to require a flow of coolant to be directed thereover, as described in 
Herrman '564, for the purposes discussed therein. For reasons that will be obvious to 
one of ordinary skill in the art, such "wet machining" operations are undesirable. It is 
desirable, therefore, to provide a grinding device, such as, for example, a surface 

30 grinding disc or an annular grinding wheel, constructed from a plurality of abrasive 

segments arranged in an array thereon, wherein the abrasive segments include 
superabrasive particles dispersed therein, and wherein the device is adapted to operate 
in a "dry machining" environment, that is, for example, without the use of more than 
a nominal quantity of coolant or other lubricant. 
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The efficiency of conventional dry machining operations is limited by the rate 
at which workpiece material may be removed therefrom without imparting workpiece 
failure or damage, such as, for example, burning. This is because coolants serve an 
important function of dissipating heat and dry machining is - by definition - 
machining in a dry or near-dry environment (i.e., without the use of coolants). It is 
desirable therefore to provide a grinding device, such as, for example, a surface 
grinding disc or an annular grinding wheel, constructed from a plurality of abrasive 
Segments arranged in an array thereon, wherein the plurality of abrasive segments are 
embedded in a matrix composition adapted to enhance heat dissipation. 

It is desirable furthermore to provide a method of dry machining workpieces 
wherein the method provides a grinding device, such as, for example, a surface 
grinding disc or an annular grinding wheel, constructed from a plurality of abrasive 
segments arranged in an array thereon, wherein the plurality of abrasive segments are 
embedded in a matrix composition adapted to enhance heat dissipation. 

It is also desirable to provide a method of dry machining workpieces with 
increased ma chining efficiency, that is, for example, by increasing workpiece material 
removal rates. 

It is even furthermore desirable to provide a method of dry machining 
workpieces constructed from hard materials, which typically are difficult to dry 
machine using known dry machining methods and devices. 

SUMMARY OF THE INVENTION 
The present invention is for a grinding device, such as a surface grinding disc 
or an annular grinding wheel, constructed from a plurality of abrasive segments 
arranged in an array thereon, wherein the plurality of abrasive segments are embedded 
in a matrix composition, and wherein the device is adapted to perform a "dry 
machining'' operation. The abrasive segments may be resin bonded or vitrified and 
may include diamond or other superhard or superabrasive particles, such as, for 
example, cubic boron nitride ("cBN"), dispersed therein. Both the abrasive segments 
and the matrix composition include a dry lubricant, such as hexagonal boron nitride, 
molybdenum disulphide or graphite, dispersed therein. The abrasive segments further 
include a melt phase metal composition, such as bronze or other copper alloys, to aid 
in heat dissipation. 

It is an object of the present invention to provide a grinding device, such as, 
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for example, a surface grinding disc or an annular grinding wheel, wherein the device 
includes a plurality of abrasive segments arranged in an array thereon (or therearound, 
as the case may be)* 

It is another object of the present invention to provide a grinding device, such 

5 as, for example, a surface grinding disc or an annular grinding wheel, constructed 

from a plurality of abrasive segments arranged in an array thereon, wherein the 
abrasive segments include superabrasive particles dispersed therein, and wherein the 
device is adapted to perform "dry machining" operations, that is, machining 
operations without the use of more than a nominal quantity of coolant or other 

10 lubricant. 

It is still another object of the present invention to provide a grinding device, 
such as, for example, a surface grinding disc or an annular grinding wheel, 
constructed from a plurality of abrasive segments arranged in an array thereon, 
wherein the plurality of abrasive segments are embedded in a matrix composition 

1 5 adapted to enhance heat dissipation. 

It is yet another object of the present invention to provide a method of dry 
machining workpieces wherein the method provides a grinding device, such as, for 
example, a surface grinding disc or an annular grinding wheel, constructed from a 
plurality of abrasive segments arranged in an array thereon, wherein die plurality of 

20 abrasive segments are embedded in a matrix composition adapted to enhance heat 

dissipation. 

It is also an object of the present invention to provide a method of dry 
machining workpieces with increased machining efficiency, that- is, for example, by 
increasing workpiece material removal rates. 

25 It is still another object of the present invention to provide a method of dry 

machining workpieces constructed from hard materials, which typically are difficult 
to dry machine using known dry machining methods and devices. 

These and other objects, features and advantages of the present invention 
become apparent to those of ordinary skill in the art from the description which 

30 follows, and may be realized by means of the instrumentalities and combinations 

particularly pointed out therein, as well as by those instrumentalities, combinations 
and improvements thereof which are not described expressly therein, but which would 
be obvious to those of ordinary and reasonable skill in the art. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
A better understanding of the invention will be had upon reference to the 
following description in conjunction with the accompanying drawings in which like 
reference numerals represent like parts, and wherein: 
5 Figure 1 is a fac? view of a grinding device according to a preferred 

embodiment of the present invention; 

Figure 2 is an edge section view of the grinding device of Figure 1, shown 
along section line 2-2 of Figure 1; 

Figure 3 is a partial section view of the grinding device of Figure 1, shown 
1 0 along section line 3-3 of Figure 1 ; 

Figure 4 is a partial face view of a grinding device according to an alternative 
embodiment of the present invention showing an alternative arrangement of abrasive 
segments on the device; 

Figure 5 is a face view of a grinding device according to an alternative 
15 embodiment of the present invention; and, 

Figure 6 is a section view of the grinding device of Figure 5, shown along 
section line 6-6 of Figure 5. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 The present invention is for a grinding device, such as a surface grinding disc 

or an annular grinding wheel, constructed from a plurality of abrasive segments 
arranged in an array thereon, wherein the plurality of abrasive segments are embedded 
in a matrix composition, and wherein the device is adapted to operate in a "dry 
machining" or "near-dry machining" environment 
25 With reference to Figures 1-3, a grinding device 10 according to a preferred 

embodiment of the present invention takes the form of a surface grinding disc suitable 
for machining substantially flat workpieces, such as, for example, brake rotors, power 
steering pump rings and rotors, valve plates, coil spring ends, and the like. The 
device 10 includes a circular rigid base 20, constructed from, for example, aluminum 
30 or steel, one or more abrasive segments 30 (sometimes referred to as "buttons") 

secured within a matrix composition 40 which is generally circular in shape and 
conterminous with the base 20. Segments 30 can be viewed as being "embedded" in 
the matrix composition 40 and may be integrally formed therein or may be inserted 
into pockets (not shown) formed into the matrix 40 after the matrix has been secured 
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to the base 20. Segments 30 are shown to have a thickness, which is for the purpose 
of illustration only. Matrix 40 preferably extends to the periphery 24 of the base 20, 
although it may extend only a portion over the base 20 towards the periphery 24 
thereof. In either case, matrix 40 covers enough of the base 20 and surrounds each of 

5 the segments 30 sufficiently to retain segments 30 thereby. Although segments 30 are 
shown in Figure 1 arranged in a circular array forming an array path 26 concentric 
with the device 10, segments 30 may, alternatively, be arranged in some other array. 

For example, referring to Figure 4, a portion of the device is shown wherein 
segments 30 are depicted to be arranged along two concentric paths 26, 26' in 

10 abutting relation to one another. Any number of paths, concentric or non-concentric, 
may be provided without departing from either the spirit or the scope of the present 
invention. Moreover, segments 30 may be spaced from one another, thereby 
providing additional matrix composition 40 therebetween. It should be pointed out 
that the present invention is not limited to any particular size, shape or arrangement of 

15 segments 30. Thus, non-circular segments, for example, may be used according to the 
present invention and not depart from either the spirit or the scope thereof. Similarly, 
not all segments 30 provided on a grinding device 10 need to possess the same size, 
shape or arrangement as any other segment 30 provided on that device 10. For 
example, a device 10 may include circular segments 30 in one region thereof and 

20 triangular, rectangular, hexagonal or arcuate segments in another region thereof. 

Even further, segments 30 need not be provided near the periphery 24 of the 
device 10, as shown and depicted in the Figures. For the purpose of illustration, 
however, segments 30 are circular in shape and have a diameter between 1/4 in. and 
1-1/2 in. Each segment 30 is spaced from adjacent segments 30 by a distance no 

25 greater than 1/2 of the shortest dimension of the workpiece to be machined thereby. 

Referring back to Figure 3, the matrix 40 is formed so that an exposed surface 
42 thereof is substantially coplanar with an abrasive face 32 of the segments 30, 
thereby defining a substantially continuous planar face of the device 10. Using 
conventional means, workpieces (not shown) are brought into contact with the face of 

30 the device and advanced therealong to machine a substantially flat surface of or into 
the workpiece. 

Turning now to the composition of the segments 30, the following 
compositions and ranges thereof are provided for the purpose of illustration only. 
Generally stated, according to one aspect of the present invention, a grinding device is 
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provided having abrasive segments comprising: 1) a superabrasive material, such as 
cBN; 2) a resin bond, such as a polyimide resin; 3) a refractory, non-grinding abrasive 
grain, such as boron carbide ("BC"); 4) a heat-dissipative melt-phase metal, such as a 
copper-tin (i.e., bronze) alloy; and, 5) a dry lubricant, such as hexagonal boron nitride 
5 ("hBN"). 

? The cBN is provided in an amount ranging between 10% and 43.75% (by 
volume), and preferably 12% (by volume). Alternatively, diamond may be provided 
in accordance with the foregoing range. 

The cBN is dispersed in a resin bond, preferably a polyimide resin, 
10 constituting between 30% and 50% (by volume), and preferably 37.8% (by volume), 
of the segment (excluding the volume percentage of cBN constituting the segment). 
A glass frit, such as, for example, borosilicate glass, may be substituted for the resin 
bond. 

The refractory, non-grinding abrasive grain, such as, for example, BC, is 
15 provided in an amount less than or equal to 1 0% (by volume), and preferably 2.2% 
(by volume), of the segment (excluding the volume percentage of the cBN 
constituting the segment). BC grain size is preferably less than or equal to 1/2 the 
grain size of the average cBN grain, and may be anywhere in the range between 220 
and 1000 mesh. 

20 The melt-phase metal may be selected from the class of copper-tin alloys 

known as bronze, and constitute between 30% and 68% (by volume, excluding the 
volume percentage of cBN constituting the segment). Preferably, the melt-phase 
metal is composed of 34.3% (of the segment, by volume) of copper powder and 9.2% 
(of the segment, by volume) of tin powder. The melt-phase metal serves to enhance 

25 heat dissipation through the segment during machining operations. 

The dry lubricant is provided to inhibit the generation of heat due to friction 
and constitutes at least 1% (by volume), and preferably 2.2% (by volume), of the 
segment (excluding the volume percentage of cBN constituting the segment). The dry 
lubricant is preferably formed from hBN, but it may alternatively be formed from 

30 molybdenum disulphide, graphite, coke or any lithium sterate. 

Turning now to the composition of the matrix 40, the following compositions 
and ranges thereof are provided for the purpose of illustration only. Generally stated, 
according to one aspect of the present invention, a grinding device is provided having 
a matrix surrounding one or more abrasive segments, wherein the matrix comprises: 
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1) an epoxy resin; 2) a dry lubricant, such as molybdenum disulphide ("MOS"); 3) a 
porosity filler material, such as a ceramic material shaped into spheroids; and, 4) a 
refractory non-grinding abrasive grain, such as silicon carbide ("SiC"). 

The epoxy resin is preferably a two part epoxy with reactive dilutant and anti- 
foam additives, such as, for example, a two-part epoxy distributed by The Dow 
Chemical Company or Midland, Michigan, identified by Dow product number 
331/37-614. Preferably, the matrix comprises 35% (by weight) of the epoxy resin. 

The dry lubricant is preferably MOS provided in an amount ranging between 
1% and 5% (by weight), and preferably 1 .7% (by weight). Similar to the dry 
lubricant provided in the segments, the dry lubricant is provide in the matrix for the 
purpose of inhibiting the generation of heat due to friction. 

The porosity filler material is provided in an amount ranging between 3% and 
15% (by weight), and preferably 7.0% (by weight). Preferably, the filler is a 14/40 
ceramic bubble material. 

The refractory material is provided for the purpose of wear retardation, and is 
composed of an abrasive grain such as A103, SiC, boron carbide or zirconium oxide 
in an amount ranging between 10% and 70% (by weight), and preferably 56.3% (by 
weight). The grain size of the refractory material preferably is the same size or 
smaller than the grain size of the cBN used in the segments. 

Referring now back to Figures 1-3, one method for constructing the grinding 
device 10 according to the preferred embodiment of the present invention will now be 
described. 

A grinding device according to the present invention provides many features, 
benefits and advantages, including without limitation: improving safety of operation 
during high-speed grinding, increasing wheel "life", increasing finish quality, 
reducing wheel dust, eliminating wheel dressing requirements and improving 
metallurgical integrity of the workpiece (i.e., no more than negligible burns, stresses 
or other subsurface workpiece damage). 

Referring now to Figure 5, a device 100 according to one alternative 
embodiment of the present invention takes the form of an annular grinding wheel 
suitable for cylindrical machining operations to machine generally cylindrical 
workpieces, such as, for example, crankshaft bearings and pins, camshaft lobes, and 
the like. Device 100 includes a cylindrical base 120, constructed from, for example, 
aluminum or steel, one or more abrasive segments 130 secured within an annular 
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matrix composition 140 which at least partially surrounds an outer peripheral surface 
124 of the base 120. Segments 130 can be viewed as being "embedded" in the matrix 
140 and may be integrally formed therein or may be inserted into pockets (not shown) 
formed into the matrix 140 after the matrix 140 has been formed around (or otherwise 
secured to) the base 120. Segments 130 are shown to have a thickness, which is for 
the purpose of illustration only. Matrix 140 is shown to cover the entire peripheral 
surface 124 of the base, although it may alternatively cover only a portion thereof. In 
either case, matrix 140 covers enough of the base 120 and is of a sufficient thickness 
to surround each of the segments 130 to prevent dislodging of the segments 130 
during use. 

Although the segments 130 are shown in spaced relation over only a portion of 
the periphery of the device 100, segments 130 may be spaced around the entire 
periphery. Moreover, although segments 130 are shown depicted as circular 
"buttons", they may alternatively take the form of arcuate segments (not shown), 
whether spaced from one another by a nominal distance or in an end-to-end abutting 
relation. 

The composition of me segments 130 and of the matrix 140 according to the 
present embodiment is the same as the composition of the segments 30 and of the 
matrix 40, respectively, of the preferred embodiment hereof. 

Devices 30, 130 according to the present invention are suitable for performing 
dry machining operations on hard workpieces at feed rates in excess of 40 
meters/second. Indeed, it has been observed that the device 30 according to the 
preferred embodiment hereof provides optimal dry machining operations at a feed rate 
of about 50 meters/second. 

The present invention provides a grinding device, such as, for example, a 
surface grinding disc or an annular grinding wheel, wherein the device includes a 
plurality of abrasive segments arranged in an array thereon (or therearound, as the 
case may be). 

The present invention also provides a grinding device, such as, for example, a 
surface grinding disc or an annular grinding wheel, constructed from a plurality of 
abrasive segments arranged in an array thereon, wherein the abrasive segments 
include superabrasive particles dispersed therein, and wherein the device is adapted to 
perform "dry machining" operations, that is, machining operations without the use of 
more than a nominal quantity of coolant or other lubricant 
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The present invention even further provides a grinding device, such as, for 
example, a surface grinding disc or an annular grinding wheel, constructed from a 
plurality of abrasive segments arranged in an array thereon, wherein the plurality of 
abrasive segments are embedded in a matrix composition adapted to enhance heat 
5 dissipation. 

Even more, the present invention provides a method of dry machining 
workpieces wherein the method provides a grinding device, such as, for example, a 
surface grinding disc or an annular grinding wheel, constructed from a plurality of 
abrasive segments arranged in an array thereon, wherein the plurality of abrasive 
1 0 segments are embedded in a matrix composition adapted to enhance heat dissipation. 

The present invention also provides a method of dry machining workpieces 
with increased machining efficiency, that is, for example, by increasing workpiece 
material removal rates. 

The present invention even further provides a method of dry machining 
15 workpieces constructed from hard materials, which typically are difficult to dry 

machine using known dry machining methods and devices. 

Despite being adapted to perform "dry machining" operations, a grinding 
device according to the present invention will operate without any loss of function or 
benefit in a "wet machining" environment and the examples used herein should not be 
20 interpreted as limiting the scope of the present invention to only "dry machining" 

operations or machining environments. 

While the invention has been described and illustrated with reference to one or 
more preferred embodiments thereof, it is not the intention of the applicants that the 
invention be restricted to such detail. Rather, it is the intention of the applicants that 
25 the invention be defined by all equivalents, both suggested hereby and known to those 

of ordinary skill in the art, of the preferred embodiments falling within the scope 
hereof. 
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CLAIMS 

We claim: 

1 . A grinding device, comprising at least one grinding segment and a matrix 
surrounding at least one of said at least one grinding segment, wherein: 

at least one of said at least one grinding segments is composed of a 
superabrasive material, a resin bond material, a refractory non-grinding abrasive grain 
material, a heat-dissipative melt-phase metal material, and a dry lubricant material; 
and wherein 

said matrix is composed of an epoxy resin, a dry lubricant, a porosity filler, 
and a refractory abrasive grain. 

2. The grinding device of claim 1, wherein said superabrasive material of said 
grinding segment is diamond. 

3. The grinding device of claim 1, wherein said superabrasive material of said 
grinding segment is cubic boron nitride. 

4. The grinding device of claim 1 , wherein said superabrasive material of said 
grinding segment is provided in an amount between 10% and 43.75% (by volume) of 
the total composition of the grinding segment. 

5. The grinding device of claim 4, wherein said superabrasive material of said 
grinding segment is provided in an amount of 12% (by volume) of the total 
composition of the grinding segment 

6. The grinding device of claim 1 , wherein said refractory material of said 
grinding segment is boron carbide. 

7. The grinding device of claim 1 , wherein said refractory material of said 
grinding segment is provided in an amount less than 10% (by volume) of the total 
composition of the grinding segment. 

8. The grinding device of claim 7, wherein said refractory material of said 
grinding segment is provided in an amount of 2.2% of Ihe total composition of the 
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grinding segment 

9. The grinding device of claim 1 , wherein a grain size of the refractory material 
of said grinding segment is less than or equal to a grain size of superabrasive material. 

10. The grinding device of claim 1, wherein a grain size of the refractory material 
of said grinding segment is between 220 mesh and 1000 mesh. 

11. The grinding device of claim 1 , wherein the melt-phase material of said 
grinding segment is a copper-tin alloy. 

12. The grinding device of claim 1 1 , wherein the melt-phase material of said 
grinding segment is bronze. 

13. The grinding device of claim 1, wherein the melt-phase material of said 
grinding segment is provided in an amount between 30% and 68% (by volume) of the 
total composition of the grinding segment 

14. The grinding device of claim 13, wherein the melt-phase material of said 
grinding segment is provided in an amount of 34.3% of the total composition of the 
grinding segment 

15. The grinding device of claim 1, wherein the dry lubricant of said grinding 
segment is hexagonal boron nitride. 

16. The grinding device of claim 1 , wherein the dry lubricant of said grinding 
segment is molybdenum disulphide. 

1 7. The grinding device of claim 1 , wherein the dry lubricant of said grinding 
segment is graphite. 

18. The grinding device of claim 1, wherein the dry lubricant of said grinding 
segment is coke. 
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1 9. The grinding device of claim 1 , wherein the dry lubricant of said grinding 
segment is a lithium state. 

20. The grinding device of claim 1, wherein the dry lubricant of said grinding 

5 segment is provided in an amount at least 1% (by volume) of the total composition of 

the grinding segment. 

21 . The grinding device of claim 20, wherein the dry lubricant of said grinding 
segment is provided in an amount of 2.2% (by volume) of the total composition of the 

10 grinding segment. 

22. The grinding device of claim 1 , wherein said resin bond material of said 
grinding segment is a polyimide resin. 

15 23 . The grinding device of claim 1 , wherein said dry lubricant of said matrix is 

molybdenum disulphide. 

24. The grinding device of claim 1 , wherein said dry lubricant of said matrix is 
provided in an amount between 1% and 5% (by weight) of the total composition of 

20 the matrix. 

25. The grinding device of claim 24, wherein said dry lubricant of said matrix is 
provided in an amount of 1.7% (by weight) of the total composition of the matrix. 

25 26. The grinding device of claim 1 , wherein said porosity filler of said matrix is a 

ceramic material shaped into spheroids. 

27. The grinding device of claim 26, wherein said porosity filler of said matrix is a 
14/40 ceramic bubble material. 

30 

28. The grinding device of claim 1, wherein said porosity filler of said matrix is 
provided in an amount between 3% and 15% (by weight) of the total composition of 
the matrix. 
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29. The grinding device of claim 28, wherein said porosity filler of said matrix is 
provided in an amount of 7% (by weight) of the total composition of the matrix. 

30. The grinding device of claim 1, wherein said refractory material of said matrix 
is aluminum oxide. 

31. The grinding device of claim 1 , wherein said refractory material of said matrix 
is silicon carbide. 

32. The grinding device of claim 1 , wherein said refractory material of said matrix 
is boron carbide. 

32. The grinding device of claim 1 , wherein said refractory material of said matrix 
is zirconiom carbide. 

33 . The g rinding device of claim 1 , wherein said refractory material of said matrix 
is provided in an amount between 10% and 70% (by weight) of the total composition 
of the matrix. 

34. The grinding device of claim 33, wherein said refractory material of said 
matrix is provided in an amount of 56.3% (by weight) of the total composition of the 
matrix. 

35. The grinding device of claim 33, wherein a grain size of the refractory 
material of the matrix is equal to or small than a grain size of the superabrasive 
material of the grinding segment 

36. The grinding device of claim 1 , wherein the epoxy resin is a two-part epoxy 
with reactive dilutant and anti-foam additives. 



-13- 



WO 2004/011020 



1/2 



PCT/US2003/023517 




R6. 4 



1 



WO 2004/011020 



2/2 



T/US2003/023517 




R6. r ri6 - 6 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US03/23517 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7) : B24B5/00 
US CL : 451/540 
According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 451/540-548, 550, 526-534 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
EAST TEXT SEARCH 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category : 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
Y 
A 



US 6,196,911 Bl (PRESTION) 06 March 2001 (06.03.2001) Entire Document 

US 6,394,888 Bl (MATSUMOTO et al) 28 May 2002 (28.05.2002) Entire Document 

US 4,671,021 A (TAKAHASHI et al) 09. June. 1987 (09.06.1987) Entire Document 



1-36 

2, 3, 6, 22, 26-31, and 
33-35 
1-36 



[^] Further documents are listed in the continuation of Box C. I 1 See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered to be 
of particular relevance 

"E H earlier application or patent published on or after the international filing date 

"L" document which may throw doubts on priority claim(s) or which is cited to 
establish the publication date of another citation or other special reason (as 
specified) 

"O" document referring to an oral disclosure, use, exhibition or other means 

M P M document published prior to the international iiling date but later than the 
priority date claimed 



"T" later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
16 December 2003 (16.12.2003) 


Date of mai ^j 




rr^l^a^search report 


Name and mailing address of the ISA/US 
Mail Stop PCT, Attn: ISA/US 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Facsimile No. (703)305-3230 


Authorized officer f^^rjf^jfl f/ 
*Hadi Shakeri ^SteW^^^^^^ 
Telephone No. 703-308-1148 if^Catier 3700 



Form PCT/ISA/210 (second sheet) (July 1998) 



^0/523232 
Htttommo 2 7 JAN 2005 

International application No. 

PCT/US03/22517 

A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) : A61K 38/00 

US CL : 530/402 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 530/402 




INTERNATIONAL SEARCH REPORT 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
EAST, Medline 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
Y 



US 5,258,401 A EGER et al.) 02 November 1993 (02.1 1.93), see entire document. 
US 5,427,779 A LSNER et al.) 27 June 1995 (27.06.95), see entire document. 



L-16 
1-16 



n 



Further documents are listed in the continuation of Box C. 



n 



See patent family annex. 



* Special categories of cited documents: T" 

-A" document defining die general state of tlie art which is not considered to be 
of particular relevance 

-x- 

-E~ earlier application or patent published on or after the international filing date 

-L" document which may throw doubts on priority claim(s) or which is cited to 

establish tlie publication date or anoilier citation or other special reason tas ** Y" 
specified) 

"O" document referring to an oral disclosure, use. exhibition or other means 

-P" document published prior to the international filing date but later than tlie -&*" 
priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when ilte document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an uivcimve step when Uic document is 
combtned with one or more other such documents, such combination 
being obvious to a person skilled hi the an 

document member of the same pateut family 



Date of the actual completion of the international search 
03 November 2003 (03. 1 1 .2003) 


Date of mailing of the international search report 

22 DEC 20Q3 


Name and mailing address of the ISA/US 
Mail Stop PCT. Attn: ISA/US 
Commissioner for Patents 
P.O. Box 1450 

Alexandria. Virginia 22313-1450 
Facsimile No. (703)305-3230 


Authorized officer — ~ y • 
Maury Aude, d^O*-^' ^^^\ 
Telephone No. 703-308-0196 f^') 



Form PCT/ISA/210 (second sheet) (July 1998) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



